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Abstract.
The W+W− production in γγ scattering is considered in the Standard Model. The
main contribution to radiative effects for the process γγ →W+W− has been calculat-
ing and analyzing. It is found the latter is considerable at high energies and greatly
contributes to the differential cross section dσλ1λ2λ3λ4 at various polarizations of initial
photons and final bosons. Monte-Carlo generator built based on TESLA kinematics.
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1. Introduction
The multiple vector-boson production will be a crucial test of gauge structure of the
Standard Model since the triple and quartic vector-boson couplings involved in this kind of
reaction are constrained by the SU(2)
⊗
U(1) gauge invariance. The production of several
vector bosons is the best place to search directly for any anomalous behavior of triple and
quartic couplings [1].
Any small deviation from the Standard Model predictions for these coupling spoils the
cancellations of the high energy behaviour between the various diagrams, giving rise to an
anomalous growth of the cross section with energy. It is important to measure the vector-
boson selfcouplings and look for deviations from the Standard Model.
Using the linear e+e−-collider, one can obtain the colliding γe and γγ beams with the
same energies as in e+e−- collisions and with high luminosity.
Thus, there is the possibility of direct experimental investigation of the reactions:
γe→Wν
and
γγ →W+W−.
These reactions were considered as parts of the W-bosons production process in e+e− colli-
sions (ee→ eWν, e+e− →W+X, ee→ eeWW ) and in ep and pp collisions as well. However,
the corresponding cross sections are very small and such processes will be observed in the
nearest future hardly.
Reactions e+e− → W+W− and γγ → W+W− will give the unique possibilities of W -
investigation due to relatively large cross sections and low background. Moreover, the collid-
ing γe and γγ beams will allow us to study a number of problems which are harding solved
in other collisions [2]. The cross sections of process γγ →W+W− is of order ∼ 4πα2/M2W at
high energy (they are constant at s→∞ due to the t-channel vector exchange). Therefore,
at sγe ∼ sγγ ∼ see ≫ M2W , the cross sections of this reaction considerably exceed the cross
section of the e+e− annihilation into hadrons.
2. The probing triple and quartic gauge bosons couplings
The cross section γγ → W+W− is about an order of magnitude larger than e+e− →
W+W−.
We discuss how one can use γγ collisions to study the pair production of vector bosons
(see fig. 1)
γ + γ →W+ +W−
and get information on three- and four-boson vertices.
The process γγ → W+W− depends at the tree level both on the triple γWW and the
quartic γγWW coupling, and no other vertices are involved in the unitary gauge at the
lowest order [3]. The sensitivity to the γWW coupling is comparable and complementary
to the reactions e+e− → W+W− and γe− → W−ν: the first process involves a mixture of
the γWW and the ZWW coupling, the second – involves the γWW alone but is not such
sensitive. Because the sensitivity to the γγWW coupling is much larger in the considering
process than the one in e+e− collisions, γγ → W+W− is the ideal process to study this
coupling.
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Fig. 1. The Feynman diagrams for W+W−-production
The measurement of cross section and asymmetries of the process γγ → W+W−Z is
complimentary to the analysis of the production of vector-boson pairs.
We have the unique possibility to examine production of two and three vector bosons in
γγ collisions through the reaction using beams of polarized and unpolarized photons.
• This process involves only interactions between the gauge bosons making more evident
any deviation from predictions of the gauge structure by Standard Model.
• There is no tree-level contribution involving the Higgs boson with any uncertainties
coming from the scalar sector.
We started from explicit expression for the amplitude of process γγ →W+W−
M =Gvǫµ(k1)ǫν(k2)ǫα(p+)ǫβ(p−)M
µναβ
T , (1)
where
MµναβT =
3∑
i=1
Mµναβi , (2)
k1, k2, p+, p− are four-momenta of the γ, γ,W
+,W−, respectively and ǫµ(k1), ǫν(k2), ǫα(p+), ǫβ(p−)
– their polarizations.
Gv = e
3 cot θW .
It is convenient to define the triple-gauge-boson coupling in the following way:
Γαβγ3 (P1, P2) =[(2P1 + P2)
βgαγ − (2P2 + P1)αgβγ + (P2 − P1)γgαβ], (3)
the quartic-gauge-boson coupling as
Γµναβ4 =g
µαgνβ + gµβgνα − 2gµνgαβ, (4)
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and the propagator tensor for the vector boson as
Dµν(k) =
(gµν − kµkν/m2)
k2 −m2 . (5)
Using the expression defined above, the contributions of the three Feynman diagrams (see
fig. 1) for the WW -production can be written as
Mµναβ1 =Γ
µαξ
3 (−k1, p+)Dξλ(p+ − k1)Γνβλ3 (−k2, p−), (6)
Mµναβ2 =Γ
µβξ
3 (−k1, p−)Dξλ(p− − k1)Γναλ3 (−k2, p+), (7)
Mµναβ3 =Γ
µναβ
4 . (8)
Then we calculate cross sections for polarized beams and for all combinations of polarizations
of final particles. The exact covariant expressions for all amplitudes of different Feynman
diagrams (see fig. 1) are presented in the appendix (21) – (24).
3. Cross sections and asymmetries
We analyze the total cross sections of the considered process as well as different distri-
butions of the final state vector bosons. We have evaluated the total cross section for the
processes γγ → W+W−
σ =
∫
|M |2dΓ, (9)
where |M | can be defined through formula (21) – (24), the phase-space volume element is
assumed as
dΓ =
d3p+
(2π)32p0+
d3p−
(2π)32p0
−
(2π)4δ(k1 + k2 − p+ − p−).
The total cross sections of γγ →W+W− at √s ≃ 1 TeV is about σ = 3.89 · 10−8 GeV−2.
In order to reach the best understanding of these reactions we present here various
differential cross-section as well as polarized asymmetries of two- and three-boson production:
A1 =
dσ+,+,+,+/dy− − dσ+,−,+,+/dy−
dσ+,+,+,+/dy− + dσ+,−,+,+/dy−
,
A2 =
dσ+,+,+,−/dy− − dσ+,−,+,−/dy−
dσ+,+,+,−/dy− + dσ+,−,+,−/dy−
,
A3 =
dσ+,+,0,0/dy− − dσ+,−,0,0/dy−
dσ+,+,0,0/dy− + dσ+,−,0,0/dy−
,
A4 =
dσ+,+,unpol,unpol/dy− − dσ+,−,unpol,unpol/dy−
dσ+,+,unpol,unpol/dy− + dσ+,−,unpol,unpol/dy−
.
(10)
Here the following notations are introduced: +,− denote right and left circular polarizations
of gammas and final bosons, 0 means a longitudinal polarization, unpol relates to the case
of unpolarized particles.
One can see the y−-distribution(y− = (k1, p−)/S) and different kinds of polarized asym-
metries in fig. 5 – fig. 16.
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Using these formulas we have constructed the Monte-Carlo event‘s generator [4]. The
universal kinematical block of this generator allows us to produce 2-particles, 3-particles and
even more particles final state in identical way. We have used this block to calculation above
mentioned processes and we are going to use it to another similar calculations some others
processes in TESLA kinematics. It is realized as a fast-working FORTRAN module which
provides required number of events (up to several billions in realistic time) with a defined
initial energy and final masses.
The considered process is very important to study quartic-boson vertex (see fig.4). The
contribution of four-boson vertex to total cross section is investigated specially. Obviously,
processes of γγ-scattering are sensitive to the four-boson vertex construction. The experi-
ments with polarized particles give wide set of additional data for investigation of electroweak
gauge models.
4. The lowest-order correction to the γγ → W+W− process
Obviously the correct comparison of results for these two processes and precision analysis
of data of the future experiments are impossible without calculation of full set the first-order
radiative corrections, presented in figs. 2, 3 (see, for example, refs. [8] – [13]).
As a rule, the one-loop diagrams involving Higgs boson have been calculated in order
to study the possible investigation of the Higgs boson via γγ → H∗ → W+W−. See, for
example, refs. [5] – [7]. Only the channels of longitudinal W -boson production are sensitive
to the Higgs mechanism, but the channels with W transfer are insensitive. This insensitivity
to the Higgs sector render γγ →W+W− even more suitable for the investigation of the self
couplings.
So, at
√
s ∼ 1000 GeV the radiative correction is about a value of Born cross section. In
this work we focus on the most important QED one-loop corrections to γγ →W+W−.
The additional real photon contribution (see Feynman diagrams in fig. 2) and additional
virtual photon contribution (see Feynman diagrams in fig. 3) are shown in figs. 18 – 21.
The radiative correction achives maximal value in the kinematical region, where y− is
near 0.
There is a list of important expressions needed to calculate a radiative contribution to
the processes in figs. 2 and 3. Here
|M1 +M2 +M3 +M4 +M5 +M6 +M7|2soft =
(
Aγ1 + A
γ
2
2(p+k)
+
Bγ1 +B
γ
2
2(p−k)
)2
, (11)
Aγ1 = C0αβµν [Γ
νβλ
3 (k2,−p−, p− − k2)Dλσ(p− − k2)Γµσρ3 (k1, k2 − p, − p+)(δρη−
− p+ρp+η/m2W )Γγηα3 (0, p+,−p+) + Γγρα3 (0,−p+,−P+)(δρη − p+ρp+η/m2W )Γµνβη4 ]~p+=0,
(12)
Aγ2 = C0αβµν [Γ
µβλ
3 (k1,−p−, p− − k1)Dλσ(p− − k1)Γνσρ3 (k2, k1 − p, − p+)(δρη−
− p+ρp+η/m2W )Γγηα3 (0, p+,−p+) + Γγρα3 (0,−p+,−P+)(δρη − p+ρp+η/m2W )Γµνβη4 ]~p+=0,
(13)
Bγ1 = C0αβµν [Γ
γβη
3 (0,−p−, p−)(δρη − p−ρp−η/m2W )Γµρσ3 (k1,−p, − p+ + k2)Dλσ(p+ − k2)×
× Γνλα3 (k2, p+ − k2,−p+) + Γγβρ3 (0,−p−, P−)(δρσ − p−ρp−σ/m2W )Γµνασ4 ]~p+=0,
Bγ2 = C0αβµν [Γ
γβη
3 (0,−p−, p−)(δρη − p−ρp−η/m2W )Γνρσ3 (k2,−p, − p+ + k1)Dλσ(p+ − k1)×
× Γµλα3 (k1, p+ − k1,−p+) + Γγβρ3 (0,−p−, P−)(δρσ − p−ρp−σ/m2W )Γµνασ4 ]~p+=0,
(14)
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Fig. 2. The radiative corrections for γγ →W+W− due to additional real photon
After that one can define the expressions of D1, D2, D3.
D1 = (|Aγ1 + Aγ2 |2p20 + |Bγ1 +Bγ2 |2m2W + 2Re(Aγ1 + Aγ2(Bγ1 +Bγ2 )p0−m)(8m2Wp02− )−1,
D2 = 2(|Aγ1 + Aγ2 |2p20 + 2Re(Aγ1 + Aγ2(Bγ1 +Bγ2 )p0−m)(8m2Wp02− )−1,
D3 = (|Aγ1 + Aγ2 |2p20)(8m2Wp02− )−1.
(15)
Note, really it is impossible to obtain information with high precision from experimental
data without the high-oder effects consideration [13]. The radiative correction is defined as
∫
(
∑
i
Mi)
2 d
3k
(2π)32k0
=
∫
(
∑
i
Mi)
2 d
n−1k
(2π)n−12k
=
∫
2π1/2n−1kn−2 sinn−3 θdkdθ
Γ(1/2n− 1)(2π)n−12k (
∑
i
Mi)
2,
R.C. =
2π1/2n−1
(2π)n−1Γ(1/2n− 1)
∫ ω
0
kn−5dk
∫ π
0
sinn−3 θ
[D1 − v cos θD2 + v2 cos2 θD3]
(1− v cos θ)2 , (16)
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Fig. 3. The radiative corrections for γγ → W+W− due to additional virtual photon and
Z-boson
where v = |~p−|/p0−. The first two terms in Loran‘s series are
C−1 =
1
16π2
[
− 2D1
1− v2 −
2D3
1− v2 −
2D2
(1− v2)2 −
1
v
log (
1 + v
1− v )[D2 + 2D3] + 2D3
]
,
C0 =
1
16π2
[(log ω − log 2
√
2 +
1
2
C)(16π2C−1) +
1
2
(
4 log 2
1− v2 +
2
1− v2 log
1− v
1 + v
)× (17)
×(D1 −D2 +D3)− 1
v
(log
1− v
1 + v
(log (1− 1
v
) + log (1 +
1
v
)) + Φ[
1 + v
1 − v ]− Φ[
1− v
1 + v
]×
× (D2 − 2D3 − 2D3(log 2− 1)))].
There are some integrals needed for the calculation of a virtual γ-contributions. This part
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of the correction was calculated using integration package of the Mathematica4.0.
I1 =
∫
dnk
(2π)n
1
k2((p′ − k)2 −m2W )((p+ k)2 −m2W )
=
=
−i
16π2
1
2
((
1
n− 4 +
1
2
C − log 2√π + logm)− 1
2
(1− log 2− log (1 + pp
′
m2W
)))
1
m2W + pp
′
,
Iα =
∫
dnk
(2π)n
kα
k2((p′ − k)2 −m2W )((p+ k)2 −m2W )
=
=
1
q2
1
2p(p+ p′)/m2W + 1
[
(
2p(p+ p′)
m2W
+ 2) log(
2p(p+ p′)
m2W
+ 2)− (2p(p+ p
′)
m2W
+ 1)
]
qα,
Iαβ =
∫
dnk
(2π)n
kαβ
k2((p′ − k)2 −m2W )((p+ k)2 −m2W )
=
= Aδαβ +B(pαpβ + p
′
αp
′
β)− C(pαp′β + pβp′α),
(18)
where A,B,C are given by following equations
A =
L(n) + 2(pp′)(B + C)
4
,
B =
J1 + 2(−m2W − 2(pp′))C
2(pp′)
,
C =
2J2 − L(n) − J1[−m2W/4− 3/2(pp′)]/(2(pp′))
7/4(pp′) + (−m2W − 2(pp′))/(pp′)(−m2W /4 + 3/2(pp′))
,
(19)
L(n) =
−2i
16π2
[(
1
n− 4 + logmW − log 2
√
π +
1
2
C) +
1
χ
((χ+ 1) log(χ+ 1)− χ)],
J1 = D
(n)
0 −D(n)1 +
p2 −m2W
q2
1
χ
((χ+ 1) log(χ+ 1)− χ),
J2 = D
(n)
2 −
p2 −m2W
q2
1
χ
((χ+ 1) log(χ + 1)− χ),
D
(n)
0 =
−i
16π2
[(
1
n− 4 +
1
2
C − 1) + logmW ],
D
(n)
1 =
−i
16π2
[(
1
n− 4 + logmW − log 2
√
π +
1
2
C) +
1
χ2
(
(χ+ 1)2
2
log(χ+ 1)−
− (χ+ 1)
2
4
+
1
4
− (χ+ 1) log(χ+ 1) + χ)],
D
(n)
2 =
−2i
16π2
[(
1
n− 4 + logmW − log 2
√
π +
1
2
C) +
1
χ
((χ+ 1) log(χ + 1)− χ)−
− 1
2
(
1
χ2
(
(χ+ 1)2
2
log(χ+ 1)− (χ+ 1)
2
4
+
1
4
− (χ+ 1) log(χ+ 1) + χ))],
χ = 2p(p+ p′)/m2W + 1,
(20)
where C - Euler’s constant.
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Appendix A
Using expressions (3) – (8) for the Feynman diagrams figs. 1 − 3 we have obtained the
following matrix element for γγ →W+W−:
M = Gv
∑3
i=1Mi, (21)
where Mi (i = 1, 3) are matrix elements related to the Feynman diagrams according to i.
M1 =
1
(k1 − p+)2 −m2 (p−.ǫ2 ǫ−.ǫ1 p+.ǫ+ − p−.ǫ1 ǫ−.ǫ2 p+.ǫ+ − 2 p−.ǫ2 ǫ−.ǫ+ p+.ǫ1+
2 p−.ǫ+ ǫ−.ǫ2 p+.ǫ1 +
p−.ǫ2 ǫ−.p+ p+.ǫ+ p+.ǫ1
m2
−
p−.ǫ2 ǫ−.k1 p+.ǫ+ p+.ǫ1
m2
− p−.p+ ǫ−.ǫ2 p+.ǫ+ p+.ǫ1
m2
+
p−.k1 ǫ−.ǫ2 p+.ǫ+ p+.ǫ1
m2
− ǫ−.ǫ2 p+.ǫ+ p+.k2 p+.ǫ1
m2
−
ǫ−.ǫ1 p+.ǫ+ p+.ǫ2 + 2 ǫ−.ǫ+ p+.ǫ1 p+.ǫ2 +
ǫ−.k2 p+.ǫ+ p+.ǫ1 p+.ǫ2
m2
−
2 p−.ǫ2 ǫ−.ǫ1 ǫ+.k1 + 2 p−.ǫ1 ǫ−.ǫ2 ǫ+.k1 + 2 ǫ−.ǫ1 p+.ǫ2 ǫ+.k1+
2 ǫ−.ǫ2 p+.ǫ1 ǫ+.k2 + p−.ǫ2 ǫ−.p+ ǫ+.ǫ1 + p−.ǫ2 ǫ−.k1 ǫ+.ǫ1−
p−.p+ ǫ−.ǫ2 ǫ+.ǫ1 − p−.k1 ǫ−.ǫ2 ǫ+.ǫ1 − p−.ǫ2 ǫ−.p+ p+.p+ ǫ+.ǫ1
m2
+
p−.ǫ2 ǫ−.k1 p+.p+ ǫ+.ǫ1
m2
+
p−.p+ ǫ−.ǫ2 p+.p+ ǫ+.ǫ1
m2
−
p−.k1 ǫ−.ǫ2 p+.p+ ǫ+.ǫ1
m2
− ǫ−.ǫ2 p+.k2 ǫ+.ǫ1+
ǫ−.ǫ2 p+.p+ p+.k2 ǫ+.ǫ1
m2
− 2 ǫ−.k1 p+.ǫ2 ǫ+.ǫ1+
ǫ−.k2 p+.ǫ2 ǫ+.ǫ1 − ǫ−.k2 p+.p+ p+.ǫ2 ǫ+.ǫ1
m2
−
2 ǫ−.p+ p+.ǫ1 ǫ+.ǫ2 + 2 ǫ−.k1 p+.ǫ1 ǫ+.ǫ2 − 2 ǫ−.k2 p+.ǫ1 ǫ+.ǫ2+
p−.ǫ2 ǫ−.p+ ǫ+.ǫ1 k1.k1
m2
− p−.ǫ2 ǫ−.k1 ǫ+.ǫ1 k1.k1
m2
−
p−.p+ ǫ−.ǫ2 ǫ+.ǫ1 k1.k1
m2
+
p−.k1 ǫ−.ǫ2 ǫ+.ǫ1 k1.k1
m2
−
ǫ−.ǫ2 p+.k2 ǫ+.ǫ1 k1.k1
m2
+
ǫ−.k2 p+.ǫ2 ǫ+.ǫ1 k1.k1
m2
+
ǫ−.ǫ2 p+.ǫ+ p+.ǫ1 k1.k2
m2
− ǫ−.ǫ2 ǫ+.ǫ1 k1.k2−
ǫ−.ǫ2 p+.p+ ǫ+.ǫ1 k1.k2
m2
+
ǫ−.ǫ2 ǫ+.ǫ1 k1.k1 k1.k2
m2
+
p−.ǫ2 ǫ−.ǫ+ k1.ǫ1 − p−.ǫ+ ǫ−.ǫ2 k1.ǫ1 − ǫ−.ǫ+ p+.ǫ2 k1.ǫ1−
p−.ǫ2 ǫ−.p+ ǫ+.k1 k1.ǫ1
m2
+
p−.ǫ2 ǫ−.k1 ǫ+.k1 k1.ǫ1
m2
+
p−.p+ ǫ−.ǫ2 ǫ+.k1 k1.ǫ1
m2
− p−.k1 ǫ−.ǫ2 ǫ+.k1 k1.ǫ1
m2
+
ǫ−.ǫ2 p+.k2 ǫ+.k1 k1.ǫ1
m2
− ǫ−.k2 p+.ǫ2 ǫ+.k1 k1.ǫ1
m2
−
ǫ−.ǫ2 ǫ+.k2 k1.ǫ1 + ǫ−.p+ ǫ+.ǫ2 k1.ǫ1 − ǫ−.k1 ǫ+.ǫ2 k1.ǫ1+
ǫ−.k2 ǫ+.ǫ2 k1.ǫ1 − ǫ−.ǫ2 ǫ+.k1 k1.k2 k1.ǫ1
m2
+ ǫ−.ǫ1 p+.ǫ+ k1.ǫ2−
(22)
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2 ǫ−.ǫ+ p+.ǫ1 k1.ǫ2 − ǫ−.k2 p+.ǫ+ p+.ǫ1 k1.ǫ2
m2
− 2 ǫ−.ǫ1 ǫ+.k1 k1.ǫ2+
2 ǫ−.p+ ǫ+.ǫ1 k1.ǫ2 + ǫ−.k2 ǫ+.ǫ1 k1.ǫ2 +
ǫ−.k2 p+.p+ ǫ+.ǫ1 k1.ǫ2
m2
−
ǫ−.k2 ǫ+.ǫ1 k1.k1 k1.ǫ2
m2
+ ǫ−.ǫ+ k1.ǫ1 k1.ǫ2+
ǫ−.k2 ǫ+.k1 k1.ǫ1 k1.ǫ2
m2
− ǫ−.ǫ2 p+.ǫ+ k2.ǫ1 + 2 ǫ−.ǫ2 ǫ+.k1 k2.ǫ1+
ǫ−.p+ p+.ǫ+ ǫ1.ǫ2 − ǫ−.k1 p+.ǫ+ ǫ1.ǫ2 + ǫ−.k2 p+.ǫ+ ǫ1.ǫ2−
2 ǫ−.p+ ǫ+.k1 ǫ1.ǫ2 + 2 ǫ−.k1 ǫ+.k1 ǫ1.ǫ2 − 2 ǫ−.k2 ǫ+.k1 ǫ1.ǫ2),
M2 =
1
(k1 − p−)2 −m2 (2 p−.ǫ1 p−.ǫ2 ǫ−.ǫ+ − 2 p−.ǫ+ p−.ǫ1 ǫ−.ǫ2 +
p−.ǫ− p−.ǫ+ p−.ǫ1 p+.ǫ2
m2
−
2 p−.ǫ1 ǫ−.ǫ+ p+.ǫ2 + p−.ǫ+ ǫ−.ǫ1 p+.ǫ2 − p−.p− p−.ǫ+ ǫ−.ǫ1 p+.ǫ2
m2
−
2 p−.ǫ2 ǫ−.ǫ1 ǫ+.k1 + 2 p−.ǫ1 ǫ−.ǫ2 ǫ+.k1 − p−.ǫ− p−.ǫ1 p+.ǫ2 ǫ+.k1
m2
+
ǫ−.ǫ1 p+.ǫ2 ǫ+.k1 +
p−.p− ǫ−.ǫ1 p+.ǫ2 ǫ+.k1
m2
+
p−.ǫ− p−.ǫ1 p−.ǫ2 ǫ+.k2
m2
+
p−.ǫ2 ǫ−.ǫ1 ǫ+.k2 − p−.p− p−.ǫ2 ǫ−.ǫ1 ǫ+.k2
m2
− 2 p−.ǫ1 ǫ−.ǫ2 ǫ+.k2−
p−.ǫ− p−.ǫ2 ǫ+.ǫ1 + 2 p−.ǫ2 ǫ−.k1 ǫ+.ǫ1 + p−.ǫ− p+.ǫ2 ǫ+.ǫ1−
2 ǫ−.k1 p+.ǫ2 ǫ+.ǫ1 − p−.ǫ− p−.p+ p−.ǫ1 ǫ+.ǫ2
m2
− p−.ǫ− p−.k2 p−.ǫ1 ǫ+.ǫ2
m2
+
2 p−.ǫ1 ǫ−.p+ ǫ+.ǫ2 + 2 p−.ǫ1 ǫ−.k2 ǫ+.ǫ2 − p−.p+ ǫ−.ǫ1 ǫ+.ǫ2+
p−.p− p−.p+ ǫ−.ǫ1 ǫ+.ǫ2
m2
− p−.k2 ǫ−.ǫ1 ǫ+.ǫ2 + p−.p− p−.k2 ǫ−.ǫ1 ǫ+.ǫ2
m2
+
p−.ǫ− p−.ǫ1 p+.k1 ǫ+.ǫ2
m2
− ǫ−.ǫ1 p+.k1 ǫ+.ǫ2 − p−.p− ǫ−.ǫ1 p+.k1 ǫ+.ǫ2
m2
−
p−.ǫ− p+.ǫ1 ǫ+.ǫ2 + 2 ǫ−.k1 p+.ǫ1 ǫ+.ǫ2 +
p−.ǫ+ ǫ−.ǫ1 p+.ǫ2 k1.k1
m2
−
ǫ−.ǫ1 p+.ǫ2 ǫ+.k1 k1.k1
m2
+
p−.ǫ2 ǫ−.ǫ1 ǫ+.k2 k1.k1
m2
−
p−.p+ ǫ−.ǫ1 ǫ+.ǫ2 k1.k1
m2
− p−.k2 ǫ−.ǫ1 ǫ+.ǫ2 k1.k1
m2
+
ǫ−.ǫ1 p+.k1 ǫ+.ǫ2 k1.k1
m2
+
p−.ǫ− p−.ǫ1 ǫ+.ǫ2 k1.k2
m2
− ǫ−.ǫ1 ǫ+.ǫ2 k1.k2 − p−.p− ǫ−.ǫ1 ǫ+.ǫ2 k1.k2
m2
+
ǫ−.ǫ1 ǫ+.ǫ2 k1.k1 k1.k2
m2
− p−.ǫ2 ǫ−.ǫ+ k1.ǫ1 + p−.ǫ+ ǫ−.ǫ2 k1.ǫ1+
ǫ−.ǫ+ p+.ǫ2 k1.ǫ1 − p−.ǫ+ ǫ−.k1 p+.ǫ2 k1.ǫ1
m2
− ǫ−.ǫ2 ǫ+.k1 k1.ǫ1+
ǫ−.k1 p+.ǫ2 ǫ+.k1 k1.ǫ1
m2
− p−.ǫ2 ǫ−.k1 ǫ+.k2 k1.ǫ1
m2
+ ǫ−.ǫ2 ǫ+.k2 k1.ǫ1−
ǫ−.p+ ǫ+.ǫ2 k1.ǫ1 +
p−.p+ ǫ−.k1 ǫ+.ǫ2 k1.ǫ1
m2
+
p−.k2 ǫ−.k1 ǫ+.ǫ2 k1.ǫ1
m2
−
ǫ−.k2 ǫ+.ǫ2 k1.ǫ1 − ǫ−.k1 p+.k1 ǫ+.ǫ2 k1.ǫ1
m2
− ǫ−.k1 ǫ+.ǫ2 k1.k2 k1.ǫ1
m2
−
2 p−.ǫ1 ǫ−.ǫ+ k1.ǫ2 + 2 p−.ǫ+ ǫ−.ǫ1 k1.ǫ2 − p−.ǫ− p−.ǫ1 ǫ+.k2 k1.ǫ2
m2
+
ǫ−.ǫ1 ǫ+.k2 k1.ǫ2 +
p−.p− ǫ−.ǫ1 ǫ+.k2 k1.ǫ2
m2
+ p−.ǫ− ǫ+.ǫ1 k1.ǫ2−
2 ǫ−.k1 ǫ+.ǫ1 k1.ǫ2 − ǫ−.ǫ1 ǫ+.k2 k1.k1 k1.ǫ2
m2
+ ǫ−.ǫ+ k1.ǫ1 k1.ǫ2+
(23)
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ǫ−.k1 ǫ+.k2 k1.ǫ1 k1.ǫ2
m2
− p−.ǫ− ǫ+.ǫ2 k2.ǫ1 + 2 ǫ−.k1 ǫ+.ǫ2 k2.ǫ1+
p−.ǫ− p−.ǫ+ ǫ1.ǫ2 − 2 p−.ǫ+ ǫ−.k1 ǫ1.ǫ2 − p−.ǫ− ǫ+.k1 ǫ1.ǫ2+
2 ǫ−.k1 ǫ+.k1 ǫ1.ǫ2 + p−.ǫ− ǫ+.k2 ǫ1.ǫ2 − 2 ǫ−.k1 ǫ+.k2 ǫ1.ǫ2),
M3 = −ǫ−.ǫ2 ǫ+.ǫ1 − ǫ−.ǫ1 ǫ+.ǫ2 + 2 ǫ−.ǫ+ ǫ1.ǫ2 (24)
k1, k2, p+, p− denote four-momenta of γ, γ, W
+, W−, respectively, and ǫ1, ǫ2, ǫ+, ǫ− –
cooresponding polarizations.
12 T. Shishkina, V. Mossolov, I. Marfin
Appendix B
Fig. 4. The ratio dσ1 +,+,+,+/dσ2 +,+,+,+, where dσ1(2) +,+,+,+ – 4-boson vertex is included
(isn’t included)
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Fig. 5. The differential cross section
dσ+,+,+,+/dy−
Fig. 6. The differential cross section
dσ+,−,+,+/dy−
Fig. 7. The asymmetry A1
14 T. Shishkina, V. Mossolov, I. Marfin
Fig. 8. The differential cross section
dσ+,+,+,−/dy−
Fig. 9. The differential cross section
dσ+,−,+,−/dy−
Fig. 10. The asymmetry A2
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Fig. 11. The differential cross section
dσ+,+,0,0/dy−
Fig. 12. The differential cross section
dσ+,−,0,0/dy−
Fig. 13. The asymmetry A3
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Fig. 14. The differential cross section
dσ+,+,unpol/dy−
Fig. 15. The differential cross section
dσ+,−,unpol/dy−
Fig. 16. The asymmetry A4.
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Fig. 17. The differential cross section in
Born approximation dσ+,−,+,+/dy−.
Fig. 18. The radiative correction for
dσ+,−,+,+/dy−.
Fig. 19. The differential cross section in
Born approximation dσ+,+,+,−/dy−.
Fig. 20. The radiative correction for
dσ+,+,+,−/dy−.
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